(19) 



(12) 


Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (1 1 ) 

EUROPEAN PATENT APPLICATION 


EP 0 914 992 A1 


(43) Date of publication: 

(51) Intel. 6 : B60R 21/00, B60R 21/34, 

12.05.1999 Bulletin 1999/19 

G01P3/42 

(21} AoDlication number 98120588.3 

• 

(22) Date of filing : 30.1 0.1 998 


(84) Designated Contracting btates. 

\i d) inventors. 

AT BE CH CY DE DK ES R FRGB GR IE IT LI LU 

• Nobusawa, Hisashi 

MCNLPTSE 

Zama-shi, Kanagawa-ken (JP) 

Designated Extension States: 

• Takai, Hideo 

AL LT LV MK RO SI 

Isehara-shi, Kanagawa-ken (JP) 

(30) Priority: 05.11.1997 J P 302994/97 

(74) Representative: 


Weber, Joachim, Dr. 

(71) Applicant: 

Hoefer, Schmitz, Weber 

NISSAN MOTOR CO., LTD. 

Patentanwalte 

Yokohama-shi Kanagawa-ken (JP) 

Gabriel-Max-Strasse 29 


81545 Munchen (DE) 


1 


CM 
O 


(54) Velocity calculating device and hood raising system 


(57) A velocity calculating device and a hood raising 
apparatus for a vehicle are provided. In order to calcu- 
lating velocity of the vehicle, velocity pulse signals from 
a velocity sensor 5 are inputted to a CPU 33. Further, it 
is executed to calculate average velocity V2 at intervals 
of a standard period T2 and acceleration a at intervals 
of a period Tb on the basis of the velocity pulse signals. 
Next, on the basis of the calculated average velocity V2 
and the acceleration a, momentary velocity V3 at inter- 


vals of the period Tb is calculated. It is carried out to 
measure a passing of time t3 from the input of velocity 
pulse signal till a time when the output of calculation 
results is required, while momentary velocity V4 at a 
point of time when the output of calculation results is 
required is estimated on the basis of the momentary 
velocity V3 and the acceleration a. 


FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

[0001 ] The present invention relates to a velocity cal- 
culating device which is capable of estimating momen- 
tary velocity of a vehicle precisely when it collides and a 
hood raising system which is capable of raising a hood 10 
of the vehicle on the basis of the momentary velocity 
thereby to protect an object from being damaged. 

2. Description of Related Art 

15 

[0002] A conventional hood raising system operates 
as follows. When the vehicle on traveling collides 
against the object, then the system detects the collision 
by a touch sensor and simultaneously operates to raise 
a hood arranged on the front side of the vehicle to pre- 20 
vent the object from colliding with rigid components, 
such as an engine, through the intermediary of the 
hood, thereby protecting the object. 
[0003] In the above hood raising system, a velocity 
calculating device calculates an average velocity at 25 
intervals of predetermined times as a standard on the 
basis of velocity pulse signals generated from a vehicle 
velocity sensor. Also, the system is so constructed as to 
raise the hood when the so-calculated average velocity 
is within a predetermined range as a standard, thereby so 
distinguishing from normal collisions. 

SUMMARY OF THE INVENTION 

[0004] In the conventional hood raising system, how- 35 
ever, it is supposed that the detected velocity has luck 
reliability due to a large error. For example, if a brake 
pedal is stepped rapidly to lock vehicle wheels, then the 
above-mentioned average velocity would become zero. 
[0005] It is therefore an object of the present invention 40 
to provide a velocity calculating device which can esti- 
mate a precise momentary speed and also provide a 
hood raising system which can raise a hood on the vehi- 
cle on the basis of the momentary velocity thereby to 
protect an object in front of the vehicle. 45 
[0006] The above object of the present invention 
described above can be accomplished by a velocity cal- 
culating device for a vehicle comprising: 

an average velocity calculating unit which inputs so 
velocity pulse signals representing rotating speed 
of wheels of the vehicle to calculate an average 
velocity of the vehicle at intervals of a first period as 
a standard; 

an acceleration calculating unit for calculating an ss 
acceleration of the vehicle at intervals of a second 
period, on the basis of the pulse signals; 
a momentary velocity calculating unit for calculating 


a first momentary velocity at intervals of the first 
period, on the basis of the average velocity and the 
acceleration calculated; 

an inputting unit which inputs a signal to command 
an output of calculation results of velocity of the 
vehicle; 

a passing-time measuring unit for measuring a 
passing time from beginning of the input of velocity 
pulse signals till the input of the signal to command 
the output of calculation results; and 
a momentary velocity estimating unit for estimating 
a second momentary velocity of the vehicle at a 
point of time when the signal to command the out- 
put of calculation results is inputted, on the basis of 
the passing time measured by the passing-time 
measuring unit, the first momentary velocity calcu- 
lated by the momentary velocity calculating unit and 
the acceleration calculated by the acceleration cal- 
culating unit. 

[0007] With the above-mentioned arrangement, it is 
possible to obtain the precise momentary velocity. 
[0008] In the present invention, preferably, the velocity 
calculating device further comprises: 

a wheel condition judging unit which judges a 
wheel-locking condition due to the vehicle's rapid 
braking and a wheel-slipping condition due to the 
vehicle's rapid accelerating, on the basis of the 
velocity pulse signals; and 
an acceleration selecting unit for selecting either 
one of an acceleration under the wheel-locking con- 
dition, an acceleration under the wheel-slipping 
condition and the acceleration calculated by the 
acceleration calculating unit, in accordance with a 
wheel condition judged by the wheel condition judg- 
ing unit; 

wherein the momentary velocity estimating unit cal- 
culates the second momentary velocity at the point 
of time when the signal to command the output of 
calculation results is inputted, by making use of the 
acceleration selected by the acceleration selecting 
unit. 

[0009] With the above arrangement, since the velocity 
calculating device of the invention does estimate the 
second momentary velocity at a point of time when the 
signal to command the output of calculation results is 
inputted while selecting the acceleration corresponding 
to the wheel condition, it is possible to obtain the it is 
possible to obtain the precise momentary velocity corre- 
sponding to the wheel condition. 
[0010] In the above-mentioned arrangement, more 
preferably, the velocity calculating device further com- 
prises: 

a load condition judging unit for judging a load con- 
dition during the vehicle's traveling, on the basis of 
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temperature of outside air and existence or non- 
existence of rain drops; and 
an acceleration determining unit for determining the 
acceleration under the wheel-locking condition or 
the wheel-slipping condition in accordance with the 5 
load condition judged by the load condition judging 
unit. 

[0011] in this case, since the velocity calculating 
device of the invention does estimate the second 10 
momentary velocity at a point of time when the signal to 
command the output of calculation results is inputted 
while selecting the acceleration corresponding to the 
load condition, it is possible to obtain the precise 
momentary velocity corresponding to the load condition. 15 
1001 2] According to the invention, it is also preferable 
that the wheel condition judging unit comprises a lock- 
ing condition judging unit which calculates a pulse 
period in proportion to the vehicle's velocity estimated in 
case of the vehicle's rapid braking, and which judges 20 
that the vehicle is under the wheel-locking condition, on 
condition that the velocity pulse signal at present is not 
inputted within the pulse period in proportion to the esti- 
mated vehicle's velocity. 

[0013] In this case, it is possible to judge that the 25 
wheels are under the locked condition, certainly. 
[001 4] According to the invention, it is also preferable 
that the wheel condition judging unit comprises a slip- 
ping condition judging unit which calculates a pulse 
period in proportion to the vehicle's velocity estimated in so 
case of the vehicle's rapid accelerating, and which 
judges that the vehicle is under the wheel-slipping con- 
dition, on condition that the velocity pulse signal at 
present is inputted within a period shorter than the pulse 
period in proportion to the estimated vehicle's velocity. 35 
[0015] In this case, it is possible to judge that the 
wheels are under the slipping condition, certainly. 
[001 6] According to the invention, it is also preferable 
that the wheel condition judging unit comprises a slip- 
ping condition judging unit which calculates an average 40 
velocity of the vehicle at predetermined intervals and 
also calculates the vehicle's acceleration on the basis of 
both of the previously calculated average velocity and 
the present average velocity, and which judges that the 
vehicle is under the wheel-slipping condition, on condi- 45 
tion that the so-calculated vehicle's acceleration 
exceeds a predetermined value. 
[001 7] Also in this case, it is possible to judge that the 
wheels are under the slipping condition, certainly. 
[0018] According to the present invention, there is so 
also provided a hood raising apparatus for raising a 
hood on a front side of a vehicle, the hood raising appa- 
ratus comprising: 

a collision detecting unit arranged on a front side of ss 
the vehicle, for detecting a collision of the vehicle on 
traveling; 

a velocity calculating device which inputs a collision 


signal, which has been generated from the collision 
detecting unit, as a signal to command an output of 
calculation results of velocity of the vehicle, the 
velocity calculating device comprising: 
an average velocity calculating unit which inputs 
velocity pulse signals representing rotating speed 
of wheels of the vehicle to calculate an average 
velocity of the vehicle at intervals of a first period as 
a standard; 

an acceleration calculating unit for calculating an 
acceleration of the vehicle at intervals of a second 
period, on the basis of the pulse signals; 
a momentary velocity calculating unit for calculating 
a first momentary velocity at intervals of the first 
period, on the basis of the average velocity and the 
acceleration calculated; 

an inputting unit which inputs a signal to command 
an output of calculation results of velocity of the 
vehicle; 

a passing-time measuring unit for measuring a 
passing time from beginning of the input of velocity 
pulse signals till the input of the signal to command 
the output of calculation results; and 
a momentary velocity estimating unit for estimating 
a second momentary velocity of the vehicle at a 
point of time when the signal to command the out- 
put of calculation results is inputted, on the basis of 
the passing time measured by the passing-time 
measuring unit, the first momentary velocity calcu- 
lated by the momentary velocity calculating unit and 
the acceleration calculated by the acceleration cal- 
culating unit; 

a collision judging unit which outputs an ignition sig- 
nal when the second momentary velocity generated 
from the velocity calculating unit is within a prede- 
termined velocity range; and 
a hood raising unit for raising the hood in response 
to an output of the ignition signal. 

[0019] With the above-mentioned arrangement, it is 
possible to protect an object in front of the vehicle from 
being damaged. 

[0020] The above and other features and advantages 
of this invention will become apparent, and the invention 
itself will best be understood, from a study of the follow- 
ing description and appended claims, with reference 
had to the attached drawings showing a preferred 
embodiment of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] 

Fig. 1 is a schematic view showing a constitution of 
a hood raising system in accordance with a first 
embodiment of the present invention; 
Fig. 2 is a block diagram showing a detailed consti- 
tution of the hood raising system; 
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Fig. 3 is a flow chart for explanation of operation of 
a velocity calculating device which is applicable to a 
collision judging device; 

Fig. 4 is a timing chart showing a relationship 
between velocity pulse signals generated from a 
velocity sensor and timer counts; 
Fig. 5 is a graph showing a change of velocity when 
tires are locked; 

Fig. 6 is a timing chart showing a situation to judge 
load conditions on the basis of velocity pulse sig- 
nals generated from the velocity sensor and the 
timer counts; 

Fig. 7 is a timing chart showing a situation to judge 
tire-locking conditions on the basis of velocity pulse 
signals generated from the velocity sensor and the 
timer counts; 

Fig. 8 is a timing chart showing a situation to judge 
tire-locking conditions on the basis of velocity pulse 
signals generated from the velocity sensor and the 
timer counts; 

Fig. 9 is a timing chart showing a situation to judge 
load conditions on the basis of velocity pulse sig- 
nals generated from the velocity sensor and the 
timer counts; 

Fig. 10 is a diagram showing velocity and accelera- 
tion ratio in case of calculating momentary velocity 
at regular intervals; 

Fig. 1 1 is a timing chart showing velocity pulse sig- 
nals generated from the velocity sensor and a situ- 
ation from start of timer counting till collision; 
Fig. 1 2 is a timing chart showing a situation to judge 
tire-locking conditions on the basis of velocity pulse 
signals generated from the velocity sensor and the 
timer counts; and 

Fig. 1 3 is a timing chart showing a situation to judge 
tire-slipping conditions on the basis of velocity 
pulse signals generated from the velocity sensor 
and the timer counts. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0022] Embodiments of the present invention will be 
described with reference to the accompanying draw- 
ings. 

[0023] Fig. 1 is a schematic view showing a constitu- 
tion of a hood raising system 1 in accordance with a first 
embodiment of the present invention. 
[0024] A collision sensor 3 is disposed in a bumper B 
on the front side of a vehicle V and constituted by a 
touch sensor for detecting the collision of vehicle on 
traveling. A velocity sensor 5 is constituted by a rotary 
encoder to generate velocity pulse signals representing 
rotating speed of a wheel(s) W. An anti-lock brake sys- 
tem (ABS) control unit 7 comprises a device which pre- 
vents the wheels W from being locked at the time of the 
vehicle's rapid braking or braking on a slippery load, 
such as a snow load, by electronically controlling 
hydraulic pressure on each wheel in response to vehicle 


pulse signals generated from the velocity sensor 5. A 
velocity meter 9 serves to display the traveling velocity 
of the vehicle V corresponding to the velocity pulse sig- 
nals generated from the velocity sensor 5 through the 

s ABS control unit 7. 

[0025] A collision detecting device 1 1 is provided, 
inside thereof, with a velocity calculating unit. The 
device 1 1 generates an ignition signal (a firing signal) 
when the momentary velocity outputted from the veloc- 

10 ity calculating device is within a predetermined velocity 
range. An actuator 13 includes a hinge G arranged 
below a hood H of the vehicle V. When the ignition sig- 
nal is generated from the collision detecting device 1 1 , 
then the actuator 13 sets fire to squib to thrust up the 

15 hinge G, so that the hood H of the vehicle V can be 
raised. 

[0026] We now describe the operation of the hood 
raising system 1 of Fig. 1 . 

[0027] As mentioned above, the collision during the 

20 vehicle's traveling is detected by the collision sensor 3. 
Then, as a signal to command an output of calculation 
results of velocity of the vehicle V, the collision signal 
from the collision sensor 3 is inputted to the velocity cal- 
culating device. 

25 [0028] The velocity calculating device to which the 
velocity pulse signals from the velocity sensor 5 are 
inputted operates to estimate and output a momentary 
velocity of the vehicle V corresponding to the collision 
signal from the collision sensor 3. In the collision detect- 

30 ing device 1 1 , when the momentary velocity is within a 
predetermined velocity range, for example 20 - 60 km / 
h, the ignition signal is generated to the actuator 13 to 
raise the hood H. Since the judgement of collision is car- 
ried out on the basis of the precise momentary velocity 

35 estimated by the velocity calculating device, it is possi- 
ble to contribute to the improvement of accuracy in the 
hood raising system 1 , whereby the protection of an 
object O can be enhanced. 

[0029] Fig. 2 is a block diagram showing a detailed 
40 constitution of the hood raising system 1. Note, regard- 
ing some elements also shown in Figs. 1 and 2, their 
overlapping explanations will be deleted from the follow- 
ing description. 

[0030] An outside temperature sensor 21 serves to 
45 detect the temperature of air outside the vehicle V. 
Being provided with a rain-drop sensor (not shown), a 
wiper unit 23 is constituted so as to actuate a wiper(s) 
on a front glass on condition that a rainy condition is 
detected by the rain-drop sensor. In operation, the wiper 
50 unit 23 does output the sensor signals from the rain- 
drop sensor and an operation signal representing the 
operating condition of the wiper to the collision detecting 
device 11. 

[0031 ] The collision detecting device 1 1 comprises a 
55 CPU (central processing unit) 33, a timer 35, a ROM 37 
and a RAM 39. The CPU 33 controls the operation of 
the whole device 1 1 in accordance with a control pro- 
gram stored in the ROM 37. The timer 35, which is pro- 
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vided with a plurality of timer circuits, operates to 
measure some passing times in nominated timing and 
in synchronization with rising of the velocity pulse signal 
etc. The ROM 37 serves to store the control program 
and a plurality of acceleration rates corresponding to 
various load conditions. The RAM 39 serves to store a 
plurality of control data. 

[0032] Referring to Figs. 4 to 13 and making use of a 
flow chart of Fig. 3, we now describe an operation of the 
velocity calculating device which is applicable to the col- 
lision detecting device 11. Note, in the embodiment, the 
velocity calculating device does carry out a velocity cal- 
culating process among a variety of processes carried 
out by the collision detecting device 1 1 . In detail, such a 
velocity calculating process is executed by the CPU 33 
in accordance with the control program stored in the 
ROM 37. 

[0033] We now explain an operation of the velocity cal- 
culating device, with reference to a case where the vehi- 
cle on traveling is rapidly braked so that the tires of the 
vehicle are locked. 

[0034] First, at step SI 0 f it is executed by the CPU 33 
to establish an initial velocity V0, which is representative 
of a velocity decided at the present time, as follows: 

V0 = 0 

[0035] The so-established initial velocity is stored in 
the RAM 39 for the time being. 
[0036] Next, at step S20, it is executed to take the 
velocity pulse signals, which are successively gener- 
ated from the velocity sensor 5, into the CPU 33. In fact, 
although the velocity pulse signals from the velocity 
sensor 5 are introduced into the CPU 33 through the 
intermediary of the ABS control unit 7 and the sequent 
velocity meter 9, the following explanation is based on 
the assumption that the velocity pulse signals are 
directly inputted to the CPU 33, for the simplicity of 
explanation. 

[0037] At the same time of inputting the velocity pulse 
signal from the velocity sensor 5, it is executed by the 
CPU 33 to allow one of the plural timer circuits in the 
timer 35 to start timer-counting of T1 , as shown in Fig. 
4. 

[0038] At next step S30, on the basis of the driving sig- 
nals outputted from the ABS control unit 7, the CPU 33 
operates to judge which of DRY, WET and SNOW con- 
ditions the load condition does have. In addition, the 
judgement of load condition is carried out at the same 
time of starting timer- counting of T1 . 
[0039] In place of signals representing the driving con- 
dition generated from the ABS control unit 7, the load 
condition of DRY, WET or SNOW may be judged on the 
basis of the sensor signals from the outside tempera- 
ture sensor 21 and the wiper unit 23. For example, when 
the temperature of the air outside detected by the out- 
side temperature sensor 21 is less than 0°C, then it is 
judged that the load is under the SNOW condition. Fur- 


ther, when the temperature of the air outside is more 
than 0°C while using the wiper unit 23, it is judged that 
the load is under the WET condition. In other cases 
except the above cases, it is judged that the load is 
5 under the DRY condition. 

[0040] In addition, at step S30, it is also executed to 
read an acceleration p of the vehicle V having the tires 
locked, from the ROM 37 on the basis of the determined 
load condition. The acceleration rate p determined in 

10 this way is then stored in the RAM 39. Note, as the 
accelerations p corresponding to the present various 
load conditions, it is determined of 1G in the DRY con- 
dition, 0.7G in the WET condition and 0.4G in the 
SNOW condition. 

15 [0041 ] Fig. 5 is a practically measured graph showing 
the change of velocity in case that the vehicle traveling 
at e.g. 100 km/h is braked rapidly and the tires are 
locked. From this graph, it will be understood that differ- 
ent accelerations (or decelerations) are applied to the 

20 DRY, WET and SNOW conditions, respectively. When 
the tires are locked, then the vehicle is brought into a 
traveling condition of inertia, so that decelerating action 
due to friction between the tires and the load and air 
resistance is applied on the vehicle. Note, in the embod- 

25 iment, the acceleration is representative of a changing 
rate of velocity in case of applying such a decelerating 
action on the vehicle. Further, in the embodiment, the 
acceleration is expressed by a numerical value of a 
coefficient times gravitational acceleration G. 

30 [0042] At next step S40, by the CPU 33, it is executed 
to allow the other timer circuit of the plural timer circuits 
in the timer 35 to start timer-counting of T2, so that the 
velocity V1 for each of the velocity pulse signals is cal- 
culated, it should be noted that the velocity V1 may be 

35 obtained by dividing the whole periphery of tire by a 
period corresponding to timer-counting of T2. 
[0043] At next step S50, by monitoring the situation of 
the collision sensor 3, it is executed to judge whether 
the collision has occurred in the vehicle. When it is 

40 judged that the collision has occurred, then the routine 
goes to step S140. On the contrary, if the judgement at 
step S50 is No, the routine goes to step S60. 
[0044] At step S60, it is monitored whether the next 
velocity pulse signal is inputted from the velocity sensor 

45 5. If the next velocity pulse signal is inputted, the routine 
goes to step S100. If not, the routine goes to step S70. 
[0045] At next step S70, as shown in Fig. 6, it is 
judged whether the velocity V0 is less than a predeter- 
mined standard velocity V7; 

so 

V0 < V7 

and also judged whether the timer count of T2 is more 
than a predetermined standard period Tc. 

55 

12 > Tc. 

[0046] If both of the above conditions are satisfied, 
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then the routine goes to step S80. While, if both of the 
above conditions are not satisfied, then the routine goes 
to step S90. 

[0047] At next step S80, so long as the next velocity 
pulse signal is not inputted, it is executed to allow the 
timer 35 to complete the timer count T1 , T2 and estab- 
lish the present velocity V0 of zero. 

V0 ■ 0. 

[0048] Thereafter, the routine returns to step S20. On 
and after step S20, when the velocity pulse signal is 
again inputted from the velocity sensor 5, then it will be 
newly executed to allow the timer 35 to start timer- 
counting of T1 and T2 and judge the load condition. 
[0049] On the other hand, if the judgement at step S70 
is No, the routine goes to step S90 where it is judged 
whether the velocity V0 is more than the predetermined 
velocity V7; 

V0> V7 

and also judged whether the tires of the vehicle are 
under the locked condition. 

[0050] Then, if both of the above conditions of step 
S90 are satisfied, the routine goes to step S1 50. Con- 
versely, if not, the routine goes to step S190. 
[0051 ] Now, with reference to Fig. 7, we describe how 
to judge whether or not the tires are under the locked 
condition. 

[0052] First, by using the timer 35, it is executed to 
count the period T2 for each velocity pulse signal and 
add all of the periods T2 within a certain period T3. Pro- 
viding that the whole period of the periods T2 is repre- 
sented by t1, it can be expressed by the following 
expression: 

t1 = T2 + T2 + 


[0053] In addition, it is executed for every velocity 
pulse signals to calculate an estimated velocity V01 for 
the sequent velocity pulse signal by the following 
expression. Note, the velocities V1 have been calcu- 
lated as usual. 

V01 = V0 - axtl 

[0054] When the vehicle is rapidly braked for its rapid 
deceleration on the ground of the estimated velocity 
V01 and the acceleration p corresponding to the actual 
load condition, the estimated velocity V8 of the sequent 
velocity pulse signal generated from the velocity sensor 
5 is obtained by the following expression. 

V8 m V01 - pxt2 

[0055] Here, if the next velocity pulse signal is not 
inputted for a period longer than the period T8 of the 
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velocity pulse signal corresponding to the estimated 
velocity V8, then it is judged that the tires are under 
locked condition. 

[0056] Now, we describe how to determine the period 
t2. 

[0057] First of all, since two velocity pulse signals are 
outputted with respect to one revolution of the tire, the 
following relationship among a distance L correspond- 
ing to two velocity pulse signals, the period t and the 
velocity is established as shown in Fig. 7: 


L = V01xt1 = V02xt2 


and 


V02= V01 xt1/t2 


[0058] If the vehicle is accelerated with the accelera- 
tion p, the velocity V02 is expressed as below: 

V02= V01 - pxt2 

[0059] Here, as shown in Fig. 7, when the following 
relationship between the period t2 and the period T8 is 
established: 

t2>T8, 

then it is judged that the tires are being under the locked 
condition. 

[0060] Referring to Fig. 8, we now describe another 
method of judging whether the tires are under the 
locked condition or not. 

[0061] First of all, after calculating the estimated 
velocity V01 as mentioned above, when there is no 
velocity pulse signal from the velocity sensor 5 within a 
period Tq equal to (P) times as long as the cycle of the 
estimated velocity V01 , then it is judged that the tires of 
the vehicle are being under the locked condition. 
[0062] In case of judging the tires are under the locked 
condition, it is carried out to calculate an estimated 
standstill period Tx (V0 = 0) on the basis of the acceler- 
ation p corresponding to the load condition and the esti- 
mated velocity V0. 

[0063] At step S100, it is executed to complete the 
timer counting of T2 by the timer 35 and calculate the 
velocity V1 for every velocity pulse signals. 
[0064] In Fig. 9, the calculation of velocity V1 has 
been continued until the timer count T1 exceeds a cer- 
tain period Ta. When the timer count T1 exceeds the 
period Ta and the timer counting of T2 is completed, 
then it is executed to calculate a period Tb from the start 
of timer counting of T1 till the end of the same. 
[0065] Next, it is executed to calculate the accelera- 
tion a by an average of velocity V1 squared in the period 
Tb. Hereat, it is executed to calculate the average veloc- 
ity V2 in the period Tb. That is, the number of high level 
or low level of the velocity pulse signals generated in the 
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period Tb is counted to calculate the velocity V2. 
10066] At step S110, it is carried out to confirm 
whether or not the timer count T1 exceeds the predeter- 
mined period Ta as a standard. 

[0067] If the judgement at step S1 1 0 is Yes, then the s 
routine goes to step S120 where the period Tb from the 
start of the timer count T1 to the end is calculated. 
[0068] At step 1 20, it is also executed to calculate the 
acceleration a by the average of velocity V1 squared 
and calculate the average velocity V2 in the period Tb. 
That is, the number of high level or low level of the veloc- 
ity pulse signals in the period Tb is counted to calculate 
the velocity V2. 

[0069] At next step S1 30, for the present velocity V0, 
it is executed to calculate the momentary velocity V3 at 
predetermined intervals as a standard in the period Tb. 
In this calculating process of the momentary velocity, it 
is executed to calculate the velocity when the timer 
count T1 is equal to Tb. 

[0070] Referring to Fig. 10, the momentary velocity V3 
at predetermined standard intervals is obtained by the 
following expression. 

V3= axTb 12 + V2 

where 

a is the acceleration; 
Tb/2 is a period; and 
V2 is the average of velocity. 

[0071] Hereat, the present velocity V0 is established 
as below. 

V0 = V3 


pulse signal till a time when the output of calculation 
results is required, while momentary velocity V4 (sec- 
ond momentary velocity) at a point of time when the out- 
put of calculation results is required is estimated on the 
basis of the momentary velocity V3 and the acceleration 
a. Therefore, it is possible to obtain the precise momen- 
tary velocity. 

[0074] When the condition at step S90 is satisfied, the 
routine goes to step S1 50 where it is judged whether the 
vehicle has the collision by monitoring the output of the 
collision sensor 3. When the vehicle has the collision, 
then the routine goes to step S200. On the contrary, 
when the vehicle has not the collision, the routine goes 
to step S160. 

[0075] We now refer to Fig. 1 2. 

[0076] At step S1 60 , it is executed to monitor whether 

the velocity pulse signal is inputted from the velocity 

sensor 5. When the velocity pulse signal is inputted, 

then the routine goes to step S200. On the other hand, 

when the signal is not inputted, the routine goes to step 

S170. 

[0077] At step S 1 70 , it is executed to monitor whether 
or not a period that the locking condition of tires has 
been continued is more than a period Tx. When the 
locking condition has been continued for a period more 
than the period Tx, then the routine goes to step S180. 
If not, the routine returns to step S150. 
[0078] Next, at step S180, it is executed to establish 
the present velocity V0 of zero. 

V0 = 0 

[0079] Hereat, at step S1 90, it is executed to calculate 
the momentary velocity V5 at the time of the collision by 
the following expression: 
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[0072] On the other hand, at step S50, when it is 
judged that the collision has occurred, the routine goes 
to step S140 where the momentary velocity V4 at the 
time of collision is calculated by the following expression 
(see Fig. 11): 

V4 = V0 + <xxt3 (a: fixed value) 

where t3 is a passing period from the start of timer 
counting T1 till the collision; and 
V0 is the present velocity. 

[0073] In this way, according to the invention, while the 
velocity pulse signals from a velocity sensor 5 are input- 
ted to the CPU 33, it is executed to calculate average 
velocity V2 at intervals of the standard period T2 ( first 
interval ) and the acceleration a at intervals of a period 
Tb (second interval) on the basis of the velocity pulse 
signals. Next, on the basis of the calculated average 
velocity V2 and the acceleration a, the momentary 
velocity V3 (first momentary velocity) at intervals of the 
period Tb is calculated. Further, it is carried out to 
measure the passing of time t3 from the input of velocity 


V5 = V01 + pxT4 

where T4 is a period of the estimated velocity V01 from 
the start of the velocity pulse count T1 till the collision; 
and 

p is the acceleration. 

[0080] In addition, it is executed to regard the calcu- 
lated momentary velocity V5 as the present velocity V0 
at the collision. 

V0 = V5 

[0081] When the velocity pulse signal is outputted 
from the velocity sensor 5 during the period Tx where 
the tires have been locked, it is executed to stop the 
timer counting of T1 due to the velocity pulse signal, as 
shown in Fig. 12. At step S200, the momentary velocity 
V6 at the collision is calculated from the period T5 from 
the start of pulse counting of the estimated velocity V01 
till its stop and the acceleration a. 

V6 = V01 + pxT5 
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[0082] In addition, it is executed to regard the calcu- 
lated momentary velocity V6 as the present velocity V0 
at the collision. 

VO = V6 

[0083] Now, referring to Fig. 13, we describe how to 
detect that the tires are slipping at the time of the vehi- 
cle's rapid accelerating. 

[0084] First, by using the timer 35, it is executed to 
count the period T2 for each velocity pulse signal and 
add all of the periods 12 within a certain period Ta. Pro- 
viding that the whole period of the periods 12 is repre- 
sented by t1, it can be expressed by the following 
expression: 

t1 = 12 + 12 + 

[0085] In addition, it is executed for every velocity 
pulse signals to calculate an estimated velocity V01 for 
the sequent velocity pulse signal by the following 
expression. Note, the velocities V1 have been calcu- 
lated as usual. 

V01 = VO - ccxtl 

[0086] Note, the velocities V1 have been calculated as 
usual. 

[0087] When braking the vehicle for rapid deceleration 
on the basis of the estimated velocity V01 and the 
acceleration y corresponding to the load condition, the 
estimated velocity V9 of the sequent velocity pulse sig- 
nal generated from the velocity sensor 5 is obtained by 
the following expression: 

V9 m V01 - yxt2 

[0088] For example, under wheel slipping condition 
caused by the vehicle's rapid accelerating from its 
standstill, the velocity changes from zero to e.g. approx. 
20 km/h. 

[0089] As shown in Fig. 13, when the vehicle pulse 
signal is shorter than a cycle T9 of the velocity pulse 
signal at the estimated velocity V9, it can be judged that 
the vehicle is under the wheel-slipping condition. 
[0090] At first, by using the timer 35, it is executed to 
count the period 12 for each velocity pulse signal and 
add all of the periods 12 within a certain period Ta. Pro- 
viding that the whole period of the periods 12 is repre- 
sented by t1, it can be expressed by the following 
expression: 

t1 a 12 + 12 + 

[0091] During the whole period t1 f it is executed to 
continue to measure the velocities V1 , V2. 
[0092] Making use of a fact that the wheels of the vehi- 
cle stop temporarily when the wheel-slipping condition 


is completed, it is carried out to calculate the average 
velocity V2 at predetermined intervals. Providing that 
the average velocity V2 under the wheel-slipping condi- 
tion is higher than a certain velocity (e.g. 10 km / h), the 

5 end of wheel-slipping condition is judged in case that 
the sequent average velocity is less than 10 km/h. 
Thereafter, the above-mentioned normal calculation of 
momentary velocity is carried out. 
[0093] We now describe another method of judging 

10 the wheel-slipping condition. 

[0094] It is executed to calculate the acceleration with 
respect to the average velocity V2 at certain intervals on 
the basis of the previous average velocity V2 and the 
present average velocity V2. Then, when the so-calcu- 

15 lated acceleration exceeds a predetermined value (i.e. 
an acceleration being possible in only wheel-slipping 
condition) as a standard, then it is judged that the vehi- 
cle is under the wheel-slipping condition. 
[0095] Finally, it will be understood by those skilled in 

20 the art that the foregoing description relates to preferred 
embodiments of the disclosed velocity calculating 
device and the hood raising system, and that various 
changes and modifications may be made to the present 
invention without departing from the spirit and scope 

25 thereof. 

Claims 

1 . A velocity calculating device for a vehicle compris- 
30 ing: 

an average velocity calculating unit which 
inputs velocity pulse signals representing rotat- 
ing speed of wheels of the vehicle to calculate 

35 an average velocity of the vehicle at intervals of 

a first period as a standard; 
an acceleration calculating unit for calculating 
an acceleration of the vehicle at intervals of a 
second period, on the basis of the pulse sig- 

40 nals; 

a momentary velocity calculating unit for calcu- 
lating a first momentary velocity at intervals of 
the first period, on the basis of the average 
velocity and the acceleration calculated; 

45 an inputting unit which inputs a signal to com- 

mand an output of calculation results of velocity 
of the vehicle; 

a passing-time measuring unit for measuring a 
passing time from beginning of the input of 
so velocity pulse signals till the input of the signal 

to command the output of calculation results; 
and 

a momentary velocity estimating unit for esti- 
mating a second momentary velocity of the 
55 vehicle at a point of time when the signal to 

command the output of calculation results is 
inputted, on the basis of the passing time 
measured by the passing-time measuring unit, 
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the first momentary velocity calculated by the 
momentary velocity calculating unit and the 
acceleration calculated by the acceleration cal- 
culating unit. 

5 6 

2. A velocity calculating device of claim 1 , further com- 
prising: 

a wheel condition judging unit which judges a 
wheel-locking condition due to the vehicle's 10 
rapid braking and a wheel-slipping condition 
due to the vehicle's rapid accelerating, on the 
basis of the velocity pulse signals; and 
an acceleration selecting unit for selecting 
either one of an acceleration under the wheel- 15 
locking condition, an acceleration under the 
wheel-slipping condition and the acceleration 7 
calculated by the acceleration calculating unit, 
in accordance with a wheel condition judged by 
the wheel condition judging unit; 20 
wherein the momentary velocity estimating unit 
calculates the second momentary velocity at 
the point of time when the signal to command 
the output of calculation results is inputted, by 
making use of the acceleration selected by the 25 
acceleration selecting unit. 

3. A velocity calculating device of claim 2, further com- 
prising: 

30 

a load condition judging unit for judging a load 
condition during the vehicle's traveling, on the 
basis of temperature of outside air and exist- 
ence or non-existence of rain drops; and 
an acceleration determining unit for determin- 35 
ing the acceleration under the wheel-locking 
condition or the wheel-slipping condition in 
accordance with the load condition judged by 
the load condition judging unit. 

40 

4. A velocity calculating device of claim 2, wherein the 
wheel condition judging unit comprises a locking 
condition judging unit which calculates a pulse 
period in proportion to the vehicle's velocity esti- 
mated in case of the vehicle's rapid braking, and 45 
which judges that the vehicle is under the wheel- 
locking condition, on condition that the velocity 
pulse signal at present is not inputted within the 
pulse period in proportion to the estimated vehicle's 
velocity. 50 

5. A velocity calculating device of claim 2, wherein the 
wheel condition judging unit comprises a slipping 
condition judging unit which calculates a pulse 
period in proportion to the vehicle's velocity esti- 55 
mated in case of the vehicle's rapid accelerating, 
and which judges that the vehicle is under the 
wheel-slipping condition, on condition that the 


velocity pulse signal at present is inputted within a 
period shorter than the pulse period in proportion to 
the estimated vehicle's velocity. 

. A velocity calculating device of claim 2, wherein the 
wheel condition judging unit comprises a slipping 
condition judging unit which calculates an average 
velocity of the vehicle at predetermined intervals 
and also calculates the vehicle's acceleration on 
the basis of both of the previously calculated aver- 
age velocity and the present average velocity, and 
which judges that the vehicle is under the wheel- 
slipping condition, on condition that the so-calcu- 
lated vehicle's acceleration exceeds a predeter- 
mined value. 

A hood raising apparatus for raising a hood on a 
front side of a vehicle, the hood raising apparatus 
comprising: 

a collision detecting unit arranged on a front 
side of the vehicle, for detecting a collision of 
the vehicle on traveling; 
a velocity calculating device which inputs a col- 
lision signal, which has been generated from 
the collision detecting unit, as a signal to com- 
mand an output of calculation results of velocity 
of the vehicle, the velocity calculating device 
comprising: 

an average velocity calculating unit which 
inputs velocity pulse signals representing rotat- 
ing speed of wheels of the vehicle to calculate 
an average velocity of the vehicle at intervals of 
a first period as a standard; 
an acceleration calculating unit for calculating 
an acceleration of the vehicle at intervals of a 
second period, on the basis of the pulse sig- 
nals; 

a momentary velocity calculating unit for calcu- 
lating a first momentary velocity at intervals of 
the first period, on the basis of the average 
velocity and the acceleration calculated; 
an inputting unit which inputs a signal to com- 
mand an output of calculation results of velocity 
of the vehicle; 

a passing-time measuring unit for measuring a 
passing time from beginning of the input of 
velocity pulse signals till the input of the signal 
to command the output of calculation results; 
and 

a momentary velocity estimating unit for esti- 
mating a second momentary velocity of the 
vehicle at a point of time when the signal to 
command the output of calculation results is 
inputted, on the basis of the passing time 
measured by the passing-time measuring unit, 
the first momentary velocity calculated by the 
momentary velocity calculating unit and the 
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acceleration calculated by the acceleration cal- 
culating unit; 

a collision judging unit which outputs an ignition 
signal when the second momentary velocity 
generated from the velocity calculating unit is s 
within a predetermined velocity range; and 
a hood raising unit for raising the hood in 
response to an output of the ignition signal. 
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FIG. 8 
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